 (Br_' Ophthalmol 1994; 78: 671-676) 
The measurement of intraocular pressure after penetrating keratoplasty-is reported to be difficult with the Goldmann applanation tonometer because of inaccuracy induced by the sutures interfering with the tip ofthe instrument, corneal surface irregularity, and corneal oedema.' Several authors have shown that there is a marked tendency to high intraocular pressure in the immediate postoperative period, particularly after aphakic or pseudophakic graft surgery.`'3 Some patients show a late postoperative chronic elevation ofintraocular pressure,"5 particularly if there is a preoperative history of glaucoma. 3 Goldmann applanation tonometry is most problematic in the immediate postoperative period and in some cases can remain a long term difficulty. Since the advent of the Mackay-Marg tonometer6 and its more modern version, the Tono-Pen,7 measurement ofintraocular pressure after penetrating keratoplasty is reported to be more reliable."'0 Others have investigated the use ofthe pneumatonometer" in irregular or recently grafted eyes. '2 The accuracy of a minified version of the Goldmann applanation tonometer in normal cynomolgus monkey and human eyes has been described. '3 In this instrument the front 4 mm of a standard Goldmann applanating prism is reduced in diameter from 7 0 mm to 4 00 mm on a lathe, without changing the endpoint of intraocular pressure measurement, which is the applanation of a circle of cornea 3 06 mm in diameter. The authors suggested that the minified Goldmann The intraocular pressure was then measured using the minified Goldmann applanation tonometer (mounted on a standard Goldmann applanation apparatus on a Haag-Streit slitlamp), the pneumatonometer (Modular One), and the Tono-Pen (XL). The instruments were always used in that order and all measurements at all pressures were carried out with one instrument before using another. The manometric pressure was raised in approximately 12 arbitrary increments between 0 mm Hg and 65 mm Hg, with measurements at each level after 60 seconds of stabilisation. The test tube reservoir was open to the eye throughout the experiment.
If the epithelium became oedematous and friable during the experiment, it was carefully scraped from the central graft tissue with a blade. This occurred in five of the seven same sized grafts and three of the seven oversized grafts, always early in the minified Goldmann tonometer measurement series.
Before each experiment, calibration of the minified Goldmann applanation tonometer was tested with the standard metal calibration rod in the usual manner. The scale wheel was dialled to 20 mm Hg before and after each intraocular pressure measurement and was masked with a paper strip before determination ofeach applanation end point. The planed 4 mm diameter tip was placed precisely within the graft interface on the surface of the graft tissue. To correct for any inaccuracy caused by graft astigmatism, the intraocular pressure was measured with the mires oriented both horizontally and vertically for each manometric pressure and the mean of the readings used for comparison.'7 'Half and Half coffee creamer (Borden, Inc, Columbus, Ohio; milk, cream, non-fat dry milk, disodium phosphate, sodium citrate) was used in the tear film instead of fluorescein to generate the mires, since the tendency of fluorescein to infiltrate the corneal epithelium with repeated measurements'8 made end point determination very difficult. The effect ofthis substitution on intraocular pressure readings with the Goldmann applanation tonometer should be minimal. The 'Halfand Half was applied directly to the tip of the prism with an eye dropper and cleaned off with alcohol between each measurement.
The pneumatonometer and the Tono-Pen were both supplied by the manufacturer for our experiments. The pneumatonometer was calibrated with the manufacturer's standard test apparatus, which artificially mimics an intraocular pressure of 20 mm Hg. The plastic tip was placed on the graft tissue within the interface and the digital readout of the intraocular pressure recorded. The surface of the pneumatonometer tip was cleaned with alcohol and dried thoroughly after each measurement.
The calibration procedure for the Tono-Pen was carried out at the beginning of each experiment. The tip of the instrument was applied to the centre of the graft tissue. The latex tip cover was replaced after every second intraocular pressure measurement. The instrument will accept a series of three to six readings and automatically displays the mean intraocular pressure and a coefficient of variation indicator. We only accepted values with a coefficient of variation -5%.
Results
Details are summarised for the same sized grafts in Table 1 and for the oversized grafts in Table 2 .
As would be expected'9 the mean keratometer readings from the same sized grafts were significantly flatter than the oversized grafts (p=0-002 unpaired two tailed t test).
The results for the minified Goldmann applanation tonometer, pneumatonometer, and Tono-Pen are summarised in Figures 1, 2, and 3 respectively. There were a total of 81 intraocular pressure measurements in the seven same sized penetrating keratoplasty eyes and 87 in the seven oversized penetrating keratoplasty eyes with the minified Goldmann applanation tonometer, 84 Because of the possibility that the overestimation of intraocular pressure of the pneumatonometer and Tono-Pen could be due to a calibration fault we also tested a second model of each instrument.
The second pneumatonometer (Model 30 R) had been serviced recently by the manufacturer and was used to measure the intraocular pressure in three of the same sized grafted eyes. Results of a total of 38 separate measurements are graphically summarised in Figure 2C with linear regression analysis. Comparison of Figure 2C with Figure 2A shows that the second instrument also tended to overread, although this effect diminished with increasing pressure.
The second Tono-Pen was in clinical use and was used to measure the intraocular pressure in three of the oversized grafted eyes. The results of 39 separate measurements are graphically summarised in Figure 3C with linear regression analysis. Comparison of Figure 3C with Figure  3B shows a very similar overread of intraocular pressure throughout the range of measurements.
Removal of the corneal epithelium changed the slope or intercept in a few instances, but did not alter the overall findings (Table 3 ).
Discussion
We found the minified Goldmann applanation tonometer to be very accurate in the measurement of the intraocular pressure in both same sized and oversized grafted postmortem human eyes. Minified Goldmann applanation tonometer values reflected manometric intraocular pressure more closely and uniformly across the entire experimental range than the values of the 
